Main task of materials for invasive implantology is their biocompatibility with the tissue but also requirements for improving the functional properties of given materials are increasing constantly. One of problems of materials biocompatibility is the impossibility to improve of functional properties by change the percentage of the chemical elements and so it is necessary to find other innovative methods of improving of functional properties such as mechanical action in the form of high deformation process. This paper is focused on various methods of high deformation process such as Equal Channel Angular Pressing (ECAP) when rods with record strength properties were obtained.The actual studies of the deformation process properties as tri-axial compress stress acting on workpiece with high speed of deformation shows effects similar to results obtained using the other methods, but in lower levels of stress. Hydrostatic extrusion (HE) is applying for the purpose of refining the structure of the commercially pure titanium up to nano-scale. Experiments showed the ability to reduce the grain size below 100 nm. Due to the significant change in the performance of the titanium materials by severe plastic deformation is required to identify the processability of materials with respect to the identification of created surfaces and monitoring the surface integrity, where the experimental results show ability of SPD technologies application on biomaterials.
INTRODUCTION
Materials used as permanent implants must be biocompatible, corrosion-resistant, tissue-compatible, durable and elastic. Titanium materials have successfully met these requirements. Material fatigue can be judged in many ways. In practice, the impact of the machined material on cutting edge wear and on the cutting zone temperature is of greatest importance. This effect determines the size of the cutting speed and thus includes the term machining according to the cutting speed. Furthermore, the influence of the machined material on the chip formation process, both in terms of cutting force, and in terms of chip formation. It is denoted as machinebility according to cutting resistance or chip formation. Finally, the influence of the workpiece material on the creation of new surfaces on the workpiece and on their quality. It encompasses machinability according to surface roughness. [1, 2, 3] For medical purposes, in certain cases, implants of biocompatible titanium should be of the smallest diameter. However, with the decreasing diameter the mechanical properties of the material can also be reduced, so it is necessary to increase or maintain these properties (tensile strength, strength) at the same level as the decreasing diameter of the implant component. This can be achieved using the ECAP method, NANOTITAN, or technological processing of titanium alloys, e.g. TiNbTa modified by volume molding. [3, 4, 5] Figure 1 illustrates the principle of the ECAP-C technique. A rotating shaft in the center contains a groove and the work-pieces fed into this groove. The work-piece is driven forward by frictional forces on the three contact interfaces with the groove so that the workpiece rotates with the shaft. However, the work-piece is constrained within the groove by a stationary constraint die; and this die also stops the work-piece and force sit to turn at an angle by shear as in a regular ECAP process. [6, 7] This set-up effectively makes the ECAP process continuous. Other ECAP parameters, such as the die angle and the strain rate, can also be easily incorporated into the facility. It is characterized by higher efficiency and lower was tag of the material. The angle of channels intersection was 120°that induced equivalent strain of 0.7 in to billet per each ECAP-C pass [8, 9, 10] .
THE DYNAMIC MACHINABILITY OF THE MATERIAL
The concept of the dynamic machinability is the ideal way to characterize machined material where it is very easy to define and measure characteristic properties but also to identify the quality of machined material that is recorded during the machining process itself. By applying a dynamic machinability method, we directly obtain how the material behaves, if it has good or difficult machinable of the material during machining [1, 11, 12] . Although the dynamic machinable is a quick way of identifying machinability and it also highly dependent on the design of the experimental methodology and the choice of process input parameters, it is not a simple process, but the data obtained corresponds to material properties that reflect the behavior of the workpiece material entering the process machining. The material workability assessment should therefore specify the cutting conditions for which the application area is applied [10, 13, 14] .
This methodology of dynamic machinability is applied to new materials based on titanium and titanium alloys for biomedicine in the form of invasive implantology. In the experiments, four types of machined materials were produced: the technically pure TiGr2 titanium, the titanium alloy TiGr5 material with the addition of Al and V chemical elements, and the technically pure titanium TiGr4 (nTi) formed by the ECAP at constant volume extrusion deformation process as well as the titanium TiNbTa alloy, which was treated with ECAP volume deformation technology. From these materials experimental samples of diameter ø = 5 mm and length l = 20 mm were prepared. Subsequently, after the generation of materials representing individual groups of materials according to the requirements for mechanical properties such as strength, toughness and bending strength (table 1), methods of machining the materials with a continuous and interrupted cut were sought. For the milling process where the technically pure TiGr2 titanium was determined as reference material and the other machined material was compared. The identification of the dynamic machinability was performed by the ratio of the results of the tested material to the results of the reference material.
For the milling experiments, considering to the sample diameter and the specimen clamping method, a monolith shaft mill with diameter ø4 mm was chosen. This is a sintered carbide cutter having four cutting edges coated with TiAlN ( Fig. 2) 
Figure 2. Shaft milling tool with diameter ø4 mm
Dynamic machinability is represented by the force ratios during the cutting process by monitoring the decomposition and action of the cutting force and its components or torque. Cutting force is a dynamic effect, which means that it is not constant in the time course. The cutting force can be seen in the sense of static, which is a certain mean value between the tool engagement outside the cutting process and the tool in the cutting process, or in the dynamic sense, which is a true image of the size of the cutting force, captured in the constant change that is characteristic for the cutting force of the whole cutting process. Cutting power can be spread over several aspects of the cutting process. We primarily decompose the total cutting force in relation to the direction of the main and secondary cutting movements. The cutting force component Fc acts in the direction of the main cutting movement of the cutting speed vc, therefore it is also called the cutting force. Its direction is always identical to the cutting speed vector vc. The cutting force component Ff acts in the direction of the feed rate vf and is called the feed force. Its direction is always identical to the velocity vector vf. The cutting force component Fp is in a perpendicular direction to the plane of the cutting speed vc and the feed rate vf and is called the passive force. Measurement of cutting forces is based on the sensing of pressures on the tool. Cutting forces are abstracted from pressures. The cutting force meter must be sensitive and accurate. High sensitivity is desirable especially when the cutting force senses a dynamic effect. [15] 3 RESULTS OF EXPERIMENTS By increasing the cutting parameters, the static values of the components of the total cutting force F also increase in most cases. The greatest influence on the size of the static values of the components of the total cutting force F has the cutting parameters, the cutting depth ap and the feed rate f. The influence of these cutting parameters is shown in the structural equations constructed from the measured values of the components of the total cutting force F. The statistical equations describe the influence of the cutting parameters on the force load of the tool (Table  2) . By measuring the values of the torque Mk, we can say that by increasing the feed rate, the static values of the torque Mk increase in most cases. By increasing the cutting speed, static values the torque values are increased. For TiGr5 materials, the torque Mk increased (Fig. 4) . The statistical equations of torque for the compared materials in the technological process are shown in Table 3 . In order to assess the dynamic machinability of the milling technology, standard titanium of the group 2 was determined as standard material. In the Figure 5 , the values of the coefficients of the dynamic machinability of the applied materials are presented, which are graphically compared. The best dynamic machinability compared to TiGr2 in milling technology was achieved by titanium alloy TiNbTa, which was subsequently engineered by volume molding technology. The value of the dynamic machining coefficient for this material was 1.50, which means 50% better machinability than the standard material. The nanostructured titanium of the group 4 nTi had an improved machinability of 18% and a TiGr5 material of 37%.
CONCLUSIONS
When machining biocompatible materials for invasive implantology, we work with a low cutting speeds. The measured values allow identification of suitable parameters for the machining of specifically treated titanium materials, either by a chemical effect additive or by a mechanical deformation process.
When machining titanium alloys of small diameters used in biomedicine as dental implants, it is necessary to choose the correct cutting parameters as well as suitable cutting materials. Created statistical equations and graphical dependencies of cutting forces from cutting depth and feed rate show the choice of suitable cutting parameters for milling. The correct choice of cutting speeds and feed rates for applied materials makes it possible to achieve the required surface quality. Appropriate setting of cutting parameters for given materials will allow for the occurrence of the acceptable shape of the chips in relation to machining technology. These results will be a suitable basis for choosing the optimal milling parameters that will complement the previously known theoretical and practical knowledge of the present issue. Due to the range of the problem, the results cannot be considered as a final solution to the given problem, but the findings have a realistic picture of the problem solved and can serve as a basis for further research on newly developed biocompatible materials based on titanium and its alloys.
